Heat shock proteins A (HSPAs, previously known as HSP70s) are widely distributed proteins originally linked with heat shock but now associated with several normal cellular functions. We recently found indirect evidence suggesting a role for HSPAs in sperm-oocyte interaction in the amphibian Bufo arenarum. In the present study our aim was to study its expression, subcellular distribution, and role during fertilization. By Western blot analysis using two different antibodies we detected HSPAs present in B. arenarum oocytes in the absence of any stress. We performed two-dimensional electrophoresis and detected two isoforms with isoelectric points of 5.25 and 5.45. We studied its subcellular distribution isolating total membranes, cytosol, and plasma membranes. HSPAs were present in all of these fractions. We confirmed these results by immunofluorescence microscopy and also found that the HSPA signal was present in the vitelline envelope. To further test this, we performed Western blot analysis in isolated vitelline envelopes and in egg water (diffusible material from deposited oocytes). HSPAs were present in these two fractions. Moreover, human recombinant his-tagged HSPA (HSPA1A) was able to specifically bind to sperm in vitro (midpiece) and enhance sperm membrane integrity. In vitro fertilization assays in the presence of anti-HSPA polyclonal antibodies showed diminished fertilization scores at low sperm concentrations (10 5 cells per milliliter). Our results suggest that HSPAs are present in intracellular and extracellular structures of nonstressed B. arenarum oocytes and participates in fertilization by and that their release during spawning plays a role in sperm membrane integrity.
INTRODUCTION
After being subjected to heat shock (i.e., a transient increase in temperature), most prokaryotic and eukaryotic cells develop a ''heat shock response'' characterized by a decrease in synthesis of most cellular proteins and rapid production of a specific set of heat shock proteins (HSPs) [1] . Their high degree of conservation throughout evolution suggests that these HSPs are of vital importance in cell functions. These proteins are grouped into different families according to their molecular size, and although their exact functions are still imprecise, they are known to protect the organism from adverse environmental impacts [1] [2] [3] . HSPs belong to a multigenic family; among them, HSPAs are the most widely studied [4, 5] . In many types of organisms, their occurrence under stress conditions has been examined, but HSPs are also involved in several processes essential for cellular function under normal conditions. In humans proteins of the HSPA family include constitutively expressed forms (e.g., HSPA8, previously known as HSC70) and heat-inducible forms (HSPAs 1A, 1B, and others) with important basal expression [3, 6] . HSPAs help to maintain the protein conformation, stabilizing unfolded precursor proteins prior to their assembly into macromolecular complexes and participating in the transfer of proteins across intracellular membranes [7] . HSPAs have been demonstrated to be upregulated in response to hyperthermia and to protect cells by refolding denatured proteins [8] .
In terms of amphibian animal models, such HSPA-related proteins have been identified in Xenopus laevis nonstressed oocytes and embryos [9] [10] [11] [12] [13] . Bienz [14] reported that HSPA mRNA is highly efficiently expressed in X. laevis oocytes without heat shock. Billoud et al. [15] provided evidence for constitutive expression of a somatic heat-inducible HSPA gene during oogenesis in the amphibian Pleurodeles waltl. Simoncelli et al. [16] reported the isolation and characterization of two cDNAs encoding a constitutive member and an inducible member of the now named HSPA family from the water frog Rana (Pelophylax) lessonae.
Previous work in this laboratory has been focused on the detection of molecules involved in sperm-oocyte plasma membrane interaction in the amphibian Bufo arenarum. In particular, we recently provided evidence suggesting the possible involvement of HSPAs in the interaction of the oocyte plasma membrane with sperm [17] . This was in agreement with different works that either probed the presence in gametes [18] or gave a role to HSPs [19] in mammalian fertilization.
The present paper focuses on the study of the presence and role of HSPA homologs in B. arenarum oocytes. Our results show that HSPA proteins are present in cytosol and membrane fractions of non-stressed oocytes. Using two-dimensional (2D) electrophoresis, at least two isoforms with different isoelectric points (pI) were detected. Immunofluorescence and Western blot studies confirmed the presence of HSPA proteins in extracellular structures (e.g., vitelline envelope [VE] ) and diffusible material (egg water). Recombinant human HSPA1A expressed with a histidine tag allowed us to detect HSPA binding to sperm. To our knowledge, this is the first time that release to the environment and extracellular distribution of HSPAs has been demonstrated in vertebrate eggs.
Polyclonal rabbit anti-DNAK (Escherichia coli protein) and the corresponding preimmune serum were a generous gift from Dr. Alejandro Viale (Rosario, Argentina). Monoclonal anti-HSPA (BRM22, H5147, called anti-HSP70 by the supplier), polyclonal anti-actin (A2066), and anti-tubulin (T5168) were from Sigma (St. Louis, MO). Anti-mouse immunoglobulin G (IgG) conjugated with Cy3 was from Chemicon-Millipore (Billerica, MA). Anti-rabbit F (ab 0 ) 2 conjugated with Alexa Fluor 488 (A11070) was from Invitrogen (Eugene, OR). Anti-His tag antibody (27471001), donkey anti-rabbit horseradish peroxidase (HRP)-conjugated F (ab) 2 (NA934), and Hybond ECL Nitrocellulose were from GE Healthcare (Little Chalfont, U.K.). Goat antimouse IgG (HþL)-HRP conjugate and Precision Plus Protein Standards Dual Color were from Bio-Rad (Hercules, CA). Supersignal West Pico Chemiluminescent Substrate was from Pierce (Rockford, IL). The x-ray films were Amersham Hyperfilm ECL High Performance chemiluminescence film (Amersham; Piscataway, NJ) or AGFA ortho CP-G PLUS (Medical X-Ray Film Agfa; Gevaert Argentina S.A., Buenos Aires, Argentina). All other reagents were purchased from Sigma.
Recombinant human HSPA (rHSPA) containing an N-terminal histidine tag (pET28-hHSP70A1B plasmid generously provided by Dr. S.E. Severin, Moscow, Russia) was produced in a prokaryotic system (E. coli BL21 [DE3] plys) and purified as indicated (The QIAexpressionist; Qiagen, Valencia, CA). The protein was dialyzed and concentrated in Ringer-Tris solution using filter devices (Amicon; Millipore). Recombinant Tiorredoxin-CNBP expressed in the same system (generously provided by Dr. N.B. Calcaterra, Rosario, Argentina) was used as a control recombinant protein in binding assays.
Animals, Gametes, and Eggs
Sexually mature B. arenarum specimens were collected in the neighborhoods of Rosario, Argentina, and kept in a moist chamber at 128C until use. All experiments were performed in conformity with the guide for the care and use of laboratory animals promulgated by the National Institutes of Health (National Center for Research Resources), Bethesda, MD. Protocols were approved by the local Animal Welfare Committee.
Testes were dissected from male toads, and spermatozoa were obtained by mincing the organs in Ringer-Tris solution (0.105 M NaCl, 40 mM KCl, 1.4 mM CaCl 2 , and 10 mM Tris [pH 7.4]) at 48C. The homogenate was filtered through gauze and the suspension was centrifuged for 10 min at 130 3 g at 48C to remove blood cells and tissue debris. The sperm suspension was centrifuged for 10 min at 650 3 g at 48C. Pelleted spermatozoa were resuspended in RingerTris solution, and the concentration of cells was estimated by measuring absorbance at 410 nm.
Female specimens were kept in a moist chamber at 208C-228C for 1 day before stimulation with one homologous hypophysis homogenate injected intracoelomically. After 10-12 h, oocyte strings were ovulated or else eventually collected from ovisacs [20] .
Removal of jelly coats was accomplished by immersion of oocyte strings in 1% sodium thioglycolate (pH 8) solution. Dejellied oocytes were thoroughly rinsed with Ringer solution, frozen in liquid nitrogen, and kept at À708C.
Cross-Linking of Oocytes
Oocyte strings were washed with Ringer solution (without Tris) and placed on a Petri dish. Cross-linker agent Dithiobis(succinimidyl propionate) (DSP) was added to reach a final concentration of 2 mM and was incubated 30 min at 208C-228C with gentle agitation. The reaction was stopped by the addition of Tris (pH 7.5) to a final concentration of 20 mM. The strings were incubated 15 min in this solution and then dejellied as described. DSP is a homobifunctional cross-linking reagent containing a cleavable disulfide bond in its spacer arm. Under reducing conditions (dithiothreitol [DTT] or b-mercaptoethanol), each cross-linked protein will migrate at its original molecular mass.
VE Isolation
Dejellied oocytes were homogenized in Ringer-Tris (calcium free) containing 10 mM ethylene diamine tetraacetic acid (EDTA; to minimize spontaneous activation of oocytes) solution in a Potter-Elvehjem homogenizer (Thomas Scientific, Swedesboro, NJ). Vitelline envelopes were recovered by filtering the homogenate through a double sheet of 30-mesh screen, and were extensively washed with the same buffer. All procedures were carried out at 48C [21] .
Egg Water
Egg water (EW) was obtained as described previously [22] . Briefly, strings of B. arenarum oocytes were removed from the ovisacs and extracted with distilled water with occasional stirring at 208C-228C. After 20 min the diffusible fraction (EW) was decanted. Oocytes not visibly perfect were not used. The EW was concentrated by lyophilization.
Subcellular Fractionation of Oocytes
Total membranes and cytosol isolation. Subcellular fractionation was performed according to the procedure described previously [23] , with modifications. All procedures were carried out at 08C-48C. Dejellied oocytes were mixed (1 ml in a packed volume) with 8 ml of buffer A (20 mM Tris-HCl [pH 7.5], 1 mM EDTA, 1 mM EGTA, and 1 mM Na 3 VO 4 ) added with protein inhibitor cocktail 1% (Sigma) and PMSF 2 mM and homogenized in a Teflonglass homogenizer. The homogenate (total extract) was centrifuged 10 min at 1000 3 g to remove cellular debris and yolk platelets. The supernatant (Sn 1000) was collected and centrifuged at 150 000 3 g for 1 h. After centrifugation, the clear supernatant was set aside as the cytosolic fraction. The pellet and fluffy part of the pellet were rediluted with buffer A and centrifuged at 150 000 3 g for 30 min. The pellet fraction obtained was suspended in 1 ml of buffer A plus 1% Triton X-100 and sonicated (total membrane fraction). Using this procedure, 1 ml of packed-volume eggs yielded 12-13 mg of cytosolic protein and 3-4 mg of membrane protein.
Plasma membrane isolation. Plasma membranes were separated by ultracentrifugation on a discontinuous sucrose gradient, following a procedure that was previously carried out to isolate light and heavy plasma membranes on X. laevis oocytes [24] and was modified by us [25] .
Sperm Triton X-100 Extraction
Cell suspensions were resuspended in an extraction buffer consisting of Ringer-Tris supplemented with 1 mM EDTA, 1% inhibitor cocktail (Sigma), 2 mM PMSF, and 0.1% Triton X-100. The mixture was then rocked for 10 min at 48C, frozen, and melted three times. After this, a sample was stored (whole cell) for Western blotting. The mixture was then centrifuged at 17 000 3 g for 15 min at 48C. The supernatants (Triton X-100 soluble fraction) were carefully separated, and the pellets representing the insoluble fractions were resuspended in an equal volume of extraction buffer.
Electrophoresis, Electrotransfer, and Western Blot Analysis
Polyacrylamide gel electrophoresis under denaturing conditions (SDS-PAGE) was performed essentially according to the method of Laemmli [26] . Samples were diluted with an appropriate volume of 53 sample buffer with bmercaptoethanol, boiled for 5 min, loaded onto 10% or 12% acrylamide minigels with 5% stacking gel, and electrophoresed for about 1 h at 20 mA per gel (MiniProtean II Gel System; Bio-Rad). The apparent molecular masses were estimated with molecular mass standards (Precision Plus Protein Standards Dual Color; Bio-Rad). Gels were processed for Coomassie Brilliant Blue staining or electrotransferred to nitrocellulose membranes by the method of Towbin et al. [27] .
Membranes were washed twice with Tris-buffered saline (TBS) and then blocked with TBS buffer supplemented with 5% nonfat dry milk. Then, membranes were washed with TBS Tween 20 0.1% v/v and incubated with the primary antibody dilution (DNAK, 1:1000; BRM22, 1:5000; actin, 1:600; tubulin, 1:5000; and His tag, 1:3000). After washing, membranes were incubated with the appropriate HRP-conjugated antibody (1:8000 to 1:10 000 dilution), washed, and developed using chemiluminescence and x-ray films.
When membrane reprobing was necessary, stripping was performed by incubation in 0.2 M NaOH at room temperature for 5 min followed by two washings with distilled water.
2D Gel Electrophoresis
Two-dimensional gel electrophoresis (2D-PAGE) was conducted as described previously [28] . Briefly, oocyte samples clarified from vitellogenins were added with an equal volume of rehydration buffer (9.8 M urea, 4% CHAPS, 0.2% ampholytes [pH 3-10], 50 mM DTT, 0.0002% bromophenol blue, and protease inhibitors), vortexed for 2 min, and kept on ice for 30 min. After centrifugation at 12 000 3 g for 5 min, extracted proteins (equivalent to 100 lg of protein per strip) were loaded passively onto immobilized pH gradient (IPG) strips (pH 3-10) and incubated overnight at room temperature. Isoelectric focusing (IEF) was performed using a Protean IEF Cell apparatus (Bio-Rad) starting with 15 min at 250 V and a rapid increase to 4000 V MOUGUELAR AND COUX overnight to a final 20 000 V. After IEF, IPG strips were equilibrated in equilibration buffer (6 M urea, 2% SDS, 0.05 M Tris-HCl, 2% DTT, and 20% glycerol) at room temperature for 10 min, followed by incubation for 10 min at room temperature on a second equilibration buffer in which DTT was replaced with 2.5% iodoacetamide. The 2D-PAGE was performed on 12% SDS-PAGE gels.
Proteins were transferred onto nitrocellulose membranes and analyzed by Western blotting as described above or developed using silver stain as previously described [29] .
Isoelectric points were estimated by interpolation considering the IPG strip linear characteristics (3-10) and also detecting actin (a protein with high amino acid identity and pI conservation among species) in the blots.
Protein Assays
Protein concentrations were determined according to Sedmak and Grossberg [30] , using bovine serum albumin (BSA) as standard.
Immunofluorescence
Oocytes. Oocytes were fixed by incubation overnight with 4% formaldehyde in 10% Ringer. Then, they were dehydrated and cleared before paraffin inclusion. Paraffin-embedded sections of eggs and embryos were treated as described by Cabada et al. [31] . Samples were permeabilized, washed with 0.025% Triton X-100, and blocked with TBS/BSA 3% for 2 h. The first antibodies were added at a 1:250 dilution in TBS and were left overnight. After washing, slides were incubated with Cy3-conjugated goat anti-mouse secondary antibody and Alexa 488-conjugated goat anti-rabbit (1:800; Chemicon International) for 1 h. Slides were washed, and were mounted with ProLong (Molecular Probes). Then, they were examined by phase-contrast and epifluorescence microscopy using an Olympus (Tokyo, Japan) BH2 microscope equipped with a mercury short-arch lamp. Micrographs were taken with a Nikon (Natick, MA) DS-Fi1 camera and a DS-U2 control unit. Images were collected with the same settings in each set of experiments. With these settings no autofluorescence was detected. Controls omitting primary antibody revealed no labeling. For the sake of clarity, contrast and brightness adjustments were equally applied to the entire images via Adobe Photoshop software (San Jose, CA).
Sperm. Immunolocalization of endogenous HSPAs in fixed sperm (20-min treatment with 3% formaldehyde in Ringer-Tris solution) was performed as described previously [32] using a 1:100 dilution of anti-HSPA antibody (BRM22). Sperm incubated with recombinant His-tagged HSPA (rHSPA), control His-tagged protein, or BSA only and washed as indicated below were fixed, and immunolocalization was performed as described using a 1:100 dilution of anti-his tag antibodies. To visualize the sperm nucleus, Hoechst (33258) staining was performed. Slides were washed and mounted with ProLong (Molecular Probes). Samples were analyzed with a Nikon Eclipse TE-2000-E2 confocal microscope. Images were collected with the same confocal settings in each set of experiments. Nikon confocal software was used for acquisition of the data and merging of the digital images.
Sperm-Binding Assays
Spermatozoa (3 3 10 6 cells) were exposed to 0-80 lg/ml rHSPA in RingerTris (isotonic media, 30 min) or fertilization solution (FS; hypotonic media, defined according the measured concentrations of egg water [22] : 0.047 M NaCl, 0.84 mM KCl, 0.28 mM CaCl 2 , and 10 mM Na 2 HPO 4 [pH 8], 10 min) supplemented with BSA (40 lg/ml). Following three washes to remove the unbound protein, cells were lysed with electrophoresis sample buffer or processed for immunocytochemical studies using monoclonal anti-His tag antibody. Binding of the recombinant protein was assessed by Western blot analysis or fluorescence microscopy, respectively.
Fertilization Inhibition Studies
Groups of four to six jelly-intact oocytes were placed in wells filled with 100 ll of rabbit polyclonal antiserum (DNAK) at a final dilution of 1:15 in 50% SB (58 mM NaCl, 0.67 mM KCl, 0.34 mM CaCl 2 , 0.85 mM MgSO 4 , and 4.6 mM Tris-HCl [pH 7.4]). After 20 min, the oocytes were fertilized as previously described [25] . For specificity controls, preimmune serum was used at the same final concentration. 
Evaluation of Sperm Viability
Sperm viability (as defined by plasma membrane integrity) was assessed using Trypan blue. Spermatozoa were incubated in FS (with or without rHSPA) for 10 min at 258C and then half diluted with Trypan blue solution (4% in Ringer-Tris). After 3 min at least 200 cells were counted and classified as live (plasma membrane intact; colorless) or dead (plasma membrane damaged; blue). The data were expressed as mean viability index 6 SEM. Viability index was defined as the ratio of viable spermatozoa at time 10 min:viable spermatozoa at time 0 min. Also, sperm viability was assayed by MTT conversion using the Promega (Madison, WI) CellTiter 96 Non-Radioactive Cell Proliferation Assay. MTT is a colorimetric assay for measuring the activity of enzymes that reduce MTT to formazan dyes. These reductions take place only when reductase enzymes are active, and therefore conversion is often used as a measure of viable (living) cells. Briefly, 1 million cells were used per well and sperm were left 10 min in the well with the test media before addition of the dye solution. All other steps were performed as indicated by the supplier. Data are expressed in percentages relative to control value.
Statistical Analysis
Results are expressed as mean 6 SEM. Data were analyzed using Student t-test or the one-way analysis of variance followed by the Holm-Sidak method. The 0.05 level of probability was used as the criterion of significance.
RESULTS

HSPA Presence in Nonstressed Oocytes
Previous data concerning amphibian egg HSPA protein function were more focused on the heat shock response than in the normal unstressed state [9, 11, 33] . Moreover, these results were usually obtained either by in vivo labeling of proteins, by RNA extraction and subsequent in vitro translation, or by microinjection of exogenous messengers, leaving the direct analysis of actual final product, the HSPA protein, its localization, and function, unanswered. In order to explore the presence of endogenous HSPA proteins in the absence of stress, we performed Western blot analysis in oocyte extracts with two different antibodies. Figure 1A shows that both antibodies recognized bands of the same molecular ratio. Moreover, they detected similar variations of abundance (related to actin protein) in oocyte extracts from different females (Fig. 1B) . These results suggest that HSPA proteins are expressed in oocytes in the absence of stress and that oocytes from different batches may have different protein levels. We decided to continue the experiments with BRM22 antibody because although both antibodies gave similar results, BRM22 rendered cleaner blots. Figure 1 , C and D, shows the results of 2D electrophoresis of oocyte extracts depleted of vitellogenins. In Figure 1C a typical silver-stained gel is shown. Figure 1D shows a Western blot analysis using BRM22 antibody of a gel similar to the one in Figure 1C . The inset highlights the two spots found at the molecular ratio of HSPA. The pIs estimated from these gels were 5.25 and 5.45. One of the spots (pI ¼ 5.25) is approximately four to six times more intense than the other. So, at least two isoforms with different pIs seemed to be present.
Subcellular Distribution of HSPA Proteins
We next studied the presence of HSPA proteins in fractions isolated from oocytes (Fig. 2) . HSPA was easily detectable in complete homogenates (total extracts), extracts clarified of vitellogenins by centrifugation (Sn 1000), and cytosol. In these samples 10 lg of protein and 1 min of exposition were enough to obtain good signals, although total extracts show the strong nonspecific signal corresponding to vitellogenins (asterisk in OOCYTE-RELEASED HSPA IN FERTILIZATION Fig. 1) . In total membranes, 20 lg of protein and longer expositions (10 min) were necessary to get similar bands. Finally, heavy and light membranes required 20 lg of protein and half an hour of exposition to get equivalent signals. These results suggest that HSPA is present in all of the fractions studied, being more abundant in cytosol.
To further study the presence of HSPAs in subcellular compartments we performed immunofluorescence studies. These are shown in Figure 2 , C-I. As a marker we also detected actin (in green). In general, HSPAs (in red) showed a distribution similar to actin. However, in some cases, HSPAs displayed a ''patchy'' pattern at the plasma membrane. This behavior was more frequent at the animal pole, although sometimes the signal was evenly distributed (data not shown). Strikingly, the VE (extracellular matrix analogous to mammalian zona pellucida) showed an intense signal corresponding to HSPA.
HSPA Protein Presence in Extracellular Structures
The detection of HSPAs in the VE of oocytes by immunofluorescence microscopy encouraged us to check its presence in this structure by Western blot analysis. Considering that HSPA proteins are soluble and that during VE isolation extensive washing of the VEs is performed, we isolated VEs from oocytes that had been treated or not treated with the crosslinker DSP. Figure 3A shows that the isolated VEs from DSPtreated oocytes presented a different Coomassie Blue compared with VEs from non-cross-linked oocytes. Interestingly, VEs isolated from cross-linked oocytes presented a band corre- MOUGUELAR AND COUX sponding to HSPAs in Western blot analysis using BRM22 antibody. This band was not present in non-cross-linked oocytes (Fig. 3A) . Actin could not be detected in any (crosslinked or non-cross-linked) VEs. These results suggest that HSPA is present in the VE and is not the result of contamination with other oocyte structures.
The VE in amphibian eggs is surrounded by another extracellular matrix known as the egg jelly coat [34, 35] , which is composed of fibrous, structural high-molecular-weight glycoconjugates and lower-molecular-weight components, some of which are termed ''diffusible factors.'' Immediately after oocytes have been spawned, the ''diffusible factors'' of the jelly coat are released from the jelly matrix, resulting in a hypotonic fertilization conditioned media known as EW. Following the idea that HSPAs are soluble proteins that can easily diffuse, we decided to check the presence of HSPAs in EW. So, EW was obtained as described in Materials and Methods and concentrated by lyophilization to achieve a protein concentration compatible with electrophoresis sample loading. Figure 3B shows the typical Coomassie Blue pattern of EW (lanes EW1 and EW2) and the presence of HSPAs in EW by Western blot analysis using BRM22 antibody. In the same blots, actin could not be detected, whereas it was clearly revealed in the positive control, suggesting that HSPAs are components of EW and not the result of contamination with oocyte debris.
FIG. 2. Subcellular distribution of HSPA proteins. A)
Coomassie Blue-stained gel of typical samples of each analyzed fraction, total extract, extract clarified from vitellogenins (Sn1000), total membranes, cytosol, and light and heavy plasma membranes (for details, see Materials and Methods). Molecular markers were run in the gel and are indicated in kDa. B) Two samples (indicated as 1 and 2) of each of the fractions (indicated above the corresponding blot) shown in A were electrophoresed, blotted, and revealed to detect HSPA (BRM22 antibody). The arrows indicate the HSPA band. Actin is shown below each blot to ensure equal loading, and molecular masses are shown on the right. The asterisks indicate the highly abundant vitellogenins. C-I) Detection of HSPA in oocytes by immunofluorescence microscopy. Mature ovulated oocytes were fixed and immunostained with monoclonal antibody BRM22 against HSPA (red) and rabbit polyclonal antibody against actin (green). The arrows indicate punctate staining of HSPA over the oocyte plasma membrane. The arrowhead and bracket indicate the VE (positive for HSPA in E). Note that in the bottom oocyte, the animal pole is shown where dark pigments accumulate just beneath the plasma membrane. Also note that this oocyte has completely lost the VE. C and G, light images; D, actin detected with an Alexa 488-conjugated secondary antibody (green); E, HSPA detected with BRM22 and a Cy3-conjugated secondary antibody (red); F, overlapped image of D and E; and H and I, controls in the absence of primary antibody. Bar ¼ 100 lm.
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Recombinant HSPA Binding to Sperm
Sperm undergo considerable stress throughout release to the media (sudden change of tonicity, pH, etc.) during fertilization. So, we hypothesize that this gamete could be the target of the HSPA released by oocytes. In order to analyze the binding of HSPAs to sperm, human recombinant HSPA (HSPA1A) carrying an amino-terminal his tag (rHSPA) was expressed in E. coli and purified by affinity chromatography. The rHSPA was used in binding experiments as described in Materials and Methods. Sperm were incubated with varying amounts of the recombinant protein, washed, and pelleted. Sperm pellets were subjected to Western blot analysis with anti-his tag antibodies. Figure 4A shows that when the protein concentration increased in the media, the bound protein increased until reaching a maximum following a saturation pattern. Also, a nonrelated his-tagged protein under the same conditions did not bind to sperm (Fig. 4B) . Figure 4C shows that if rHSPA concentration was constant in the incubation media and BSA was increased, the binding was not affected. These results suggest specific binding of the protein to sperm. Finally, the addition of EW proteins (which includes a member of the HSPA family, as shown above) prevents the binding of rHSPA (Fig. 4D) . To further support these results we performed immunofluorescence experiments. Figure 5 shows that rHSPA bound preferably to the sperm midpiece. However, not all sperm were positive for the staining, and some showed staining in the acrosomal region in addition to the midpiece. Figure 5C shows the result when a non-related his-tagged protein is used instead of rHSPA. These results support the specificity of rHSPA binding and suggest that binding is predominantly at the midpiece.
Endogenous B. arenarum Sperm HSPA Expression
The expression of HSPA proteins in sperm was determined by Western blot analysis and by fluorescent immunohistochemistry using monoclonal anti-HSPA antibody BRM22. Figure 6A shows that sperm expressed HSPAs. By using the Triton X-100 extractability assay, a biochemical approach to analyze interactions between proteins and the cytoskeleton [36] [37] [38] [39] , we found that HSPA proteins were present in Triton X-100 soluble and insoluble (cytoskeleton-associated) fractions. Immunofluorescence experiments (Fig. 6, B and C) show that the protein was present in the midpiece and occasionally in the acrosome region. These experiments support the presence of HSPA proteins in B. arenarum sperm. Interestingly, the localization of endogenous sperm HSPAs and of rHSPA binding was very similar (midpiece and occasionally acrosome).
Fertilization in the Presence of Anti-HSPA Antibodies and Effect of rHSPA on Sperm Viability
We performed in vitro fertilization (IVF) assays in the presence of anti-HSPA antibodies to test the possible participation of these proteins during fertilization (Fig. 7A) . We employed two different antibodies (one monoclonal and the other polyclonal). The monoclonal one (BRM22) did not induce any effect on fertilization rates (data not shown, see Discussion). The polyclonal one (DNAK) provoked a decreased fertilization rate when sperm concentration was 10 5 cells per milliliter (in percentages: control, 58.5 6 7.5; preimmune, 50.0 6 6.0; and a-HSPA [DNAK], 28.0 6 5.0; n ! 6; *P 0.05 vs. control and preimmune). There was not any effect at higher or lower sperm concentrations in the IVF assay (Fig. 7A) . These results support that HSPA participates in the process of fertilization, although they do not state which HSPA is involved (oocyte, released, or endogenous sperm HSPA).
Our next aim was to elucidate what kind of contribution extracellular HSPA proteins may confer to sperm physiology. Other authors have found working in mammals that chaperones released by oviductal epithelial cells enhance sperm survival MOUGUELAR AND COUX [40] . Following this idea, we tested sperm viability by two different approaches: MTT conversion and Trypan blue exclusion. Spermatozoa were isolated and incubated in FS with 40 lg/ml rHSPA, control proteins (BSA and his-tagged nonrelated protein), or no protein for 10 min. After that, viability was evaluated by MTT conversion and Trypan blue exclusion. All of the control proteins gave results similar to the control without protein, so they were pooled. MTT conversion was similar in rHSPA-incubated sperm and control sperm (in arbitrary units: ÀrHSPA, 101.9 6 4.7; þrHSPA, 103.0 6 3.5; n ! 3). In contrast, Trypan blue exclusion in sperm in the presence of rHSPA exhibited improved viability compared with controls (Fig. 7B ). This effect, though modest, was statistically significant (in arbitrary units [see Materials and Methods]: ÀrHSPA, 96.2 6 1.2; þrHSPA, 99.9 6 0.8; n ! 3; *P 0.05). These results suggest that extracellular HSPA proteins have beneficial effects on sperm membrane integrity.
DISCUSSION
In a recent work [18] , heat shock proteins were found to be very abundant in mouse oolemma. Also, sequence similarity of the sea urchin oocyte receptor for sperm and HSPA has been reported [41] , and antibodies against HSPA have inhibitory effects in bovine fertilization [19] . Moreover, we recently proposed HSPA as a possible sperm receptor in B. arenarum oolemma [17] . These reports prompted us to study the expression and role of HSPA in the oocytes of this species.
The present study was focused on assessing the expression of HSPA proteins in oocytes, and on determining the involvement of this protein in the fertilization process. The results have shown that chaperones of the HSPA family are expressed by B. arenarum oocytes at high levels and are released by these cells during spawning. To our knowledge, this is the first time that release of HSPA proteins to the environment has been proven.
Western blot studies showed the presence of HSPAs in oocytes in the absence of stress. The protein levels were detected using two different antibodies that agreed in showing that different batches of oocytes have different levels of HSPA protein. Variable patterns of HSPA proteins in amphibian oocytes have been described previously in Xenopus [13] . By 2D electrophoresis we also found at least two different HSPA isoforms, the one with a pI of 5.25 being the most abundant. In this connection, human cells contain a multigene family that encodes several closely related 70-kDa stress proteins (the HSPA family) that differ in their intracellular location and regulation [3] . These include at least eight unique gene products that, excluding HSPA5 (previously known as GRP78) and HSPA9 (formerly known as Mortalin), are more than 84% homologous [3] . In X. laevis the orthologs to most of these genes have been detected [42] . So, the most probable 
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situation is that B. arenarum also has all of these genes. The antibody BRM22 recognizes both the inducible and constitutive forms, but not HSPA5 and HSPA9 (BRM22 Datasheet; Sigma). In addition, constitutive expression of a heat-inducible HSPA gene has been informed in P. waltl [15] , and constitutive high levels of HSPA mRNAs have been reported by several authors in Xenopus oocytes [43] . The spots detected by us in B. arenarum indicate at least two different forms expressing in the absence of stress, but because of the high similarity in the family, these spots almost certainly include more than one gene product.
Immunoblot studies using different cell fractions indicate that HSPA expression is ubiquitous in the oocyte, being most abundant in cytosol. Immunohistochemistry studies confirmed this and, surprisingly, also exhibited high expression of HSPA proteins in the VE. We decided to check this result by Western blot analysis in isolated VE obtained from cross-linked (DSPtreated) and regular oocytes. In VE obtained from cross-linked oocytes the signal corresponding to HSPA proteins was present. On the contrary, HSPAs were undetectable without cross-linking. The presence of HSPAs in only the cross-linked VE led us to hypothesize that it is easily washed by the isolation procedure, if not cross-linked, and that it may also be present in EW. HSPAs were examined in EW and detected, further supporting the idea that HSPAs are present in oocytes' extracellular structures and easily diffuse to the surrounding media.
The stress response is a means by which many cells react to stressful insults that can include exposure to heat shock, heavy metals, radiation, reactive oxygen species, and osmotic shock [44] . Sperm are highly differentiated cells with a limited capacity to synthesize proteins and, consequently, to initiate a stress response [45] . Amphibians like B. arenarum have external fertilization, so sperm cells have to move from an internal physiologically designed environment to the exterior media (typically a pond). This must surely be a great challenge for the sperm physiology. Our hypothesis is that HSPAs released by eggs may help sperm to achieve its goal. To test this idea we used recombinant human HSPA1A (rHSPA) to test HSPA-sperm binding. Our results strongly suggest that HSPAs bind to sperm rapidly and specifically. Also, we found that rHSPA binds to sperm in roughly the same regions where the endogenous HSPAs express in sperm: fundamentally the midpiece and occasionally the acrosome. These facts support the idea that external HSPAs are supplementing the already present, and not involved in a new role in a different location. In this connection, EW has been shown to provide factors to sperm or contain small proteins that are essential to fertilization [46] in X. laevis or to ''activate'' homologous free spermatozoa before they penetrate into the jelly coat in B. arenarum [47] .
We performed IVF assays in the presence of anti-HSPA antibodies. One of the antibodies assayed (BRM22, monoclonal) did not induce any effect on fertilization scores. The epitope recognized by this antibody has not been informed. One possible hypothesis is that the HSPA pattern recognized by the antibody is not involved in any process essential for fertilization. The other antibody (DNAK, polyclonal) induced statistically significant lower fertilization rates at sperm concentrations less than optimal, 1 3 10 5 cells per milliliter MOUGUELAR AND COUX (e.g., sperm concentrations that in controls induce less than 70% of eggs [25] ). When the sperm concentration was further diminished (0.5 3 10 5 cells per milliliter) the effect was not observed, probably because the fertilization scores are all low and interexperiment variability becomes significant. At higher concentrations (3.3 3 10 5 cells per milliliter) the effect of the antibody is undetectable because it is probably displaced by the abundant sperm cells. These results can be interpreted as an analogy of competitive inhibition, where sperm would be the substrate and the antibody the competitive inhibitor. Other investigators have reported that in bovine the presence of anti-HSPA antibody significantly prevented fertilization [19] . Also, boar fertilization is reduced in the presence of anti-HSPA antibody, and the authors suggest a role for this protein in gamete interaction [48] . Taking into consideration these previous studies, our data support a role for HSPA during fertilization in amphibians as in mammals. However, we hypothesize that in external fertilizers sperm HSPAs are supplemented by oocyte HSPAs. We also propose that HSPA role is more evident and crucial when conditions are not optimal for fertilization.
Release of HSPA family members by oviductal epithelial cells has been reported in bovine, boar, and human [40, 49] . These authors have found that the HSPA proteins enhance sperm survival [40] and that GRP78 modulates sperm interaction with the oocyte zona pellucida proteins [49] . In this report we analyzed the effect of recombinant HSPA on sperm viability and we found that viability (measured as membrane integrity) is better preserved in the presence of these proteins. Originally, identified on the basis of their ability to confer cellular resistance to various environmental stress conditions, it is now well established that in addition they are also implicated in a variety of essential cellular functions, including metabolism, growth, differentiation, and apoptosis [44, 50] . Chaperones fulfill these diverse functions by virtue of their ability to selectively recognize and interact with transiently exposed hydrophobic residues of target proteins. Such interactions prevent inappropriate association or aggregation and direct the proteins into productive folding, transport, degradation, or activity [7] . Although we do not yet know the exact biological mechanism by which these proteins help fertilization, we hypothesize that they may be involved in several functions, including the preservation of membrane integrity and proper folding of the sperm membrane proteins, eliciting a sperm surface reorganization that may facilitate sperm-egg coat recognition, attachment, and binding.
In conclusion, this study demonstrates that HSPA proteins are expressed by amphibian oocytes and sperm in the absence of stress. Moreover, we show that during spawning these proteins are released to the environment by the oocyte and they are capable of binding to sperm. The effects of HSPAs binding on sperm include a better preservation of plasma membrane integrity, although considering the multifaceted characteristics of HSPA family function, there probably are many others to unveil. 
